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FIG. 5 
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FIG. 6 
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NBPTARGET INFLATION PRESSURE 
AUTOMATION USING DERIVEDSPO, 

SIGNALS 

FIELD OF THE INVENTION 

The present disclosure generally relates to a method of 
operating an automated blood pressure measuring apparatus. 
More specifically, the present disclosure relates to a method 
of operating an automated, non-invasive blood pressure 
(NIBP) monitor that utilizes a separate pulse monitor to 
enhance the performance of the NIBP monitor. 

BACKGROUND 

Automated blood pressure monitoring has rapidly become 
an accepted and, in many cases, essential aspect of human 
healthcare. Such monitors are now a conventional part of the 
patient environment in emergency rooms, intensive and criti 
cal care units, and in the operating theater. 
The oscillometric method of measuring blood pressure 

involves applying an inflatable cuff around an extremity of a 
patient’s body, such as a patient's upper arm. The cuff is 
inflated to a pressure above the patient’s systolic pressure and 
then the cuff pressure is reduced either continuously or incre 
mentally in a series of Small steps. A pressure sensor mea 
Sures the cuff pressure, including the cuff pressure fluctua 
tions resulting from the heart pumping activity that then 
causes pressure or Volume oscillations in the artery under the 
cuff. The data from the pressure sensor is used to compute the 
patient’s systolic pressure, mean arterial pressure (MAP) and 
diastolic pressure. 
An example of the oscillometric method of measuring 

blood pressure is shown and described in U.S. Pat. Nos. 
4,360,029; 4.394,034; and 4,638,810, which are commonly 
assigned with the present disclosure. 

During the use of a conventional NIBP monitoring system, 
the blood pressure cuff is placed around the arm of a patient 
and is inflated to a pressure that fully occludes the brachial 
artery to prevent blood flow. The cuff is then progressively 
deflated and a pressure transducer detects pressure pulses as 
blood begins to flow past the pressure cuff. As can be under 
stood, the selection of the initial inflation pressure determines 
the amount of time and deflation required before the NIBP 
system begins to detect cuffoscillations and blood flow. If the 
initial inflation pressure is selected well above the systolic 
blood pressure for the patient, the NIBP system over inflates 
the blood pressure cuff, resulting in patient discomfort and 
extended measurement time. Alternatively, if the initial infla 
tion pressure is selected below the systolic blood pressure for 
the patient, the blood pressure cuffmust re-inflate to obtain an 
accurate reading. Currently available monitoring systems 
have a target inflation pressure setting that is controlled by 
users to establish the initial inflation pressure. Once the moni 
toring system has obtained blood pressure readings for a 
patient, the monitoring system may use the previously deter 
mined systolic pressure value to adapt the initial inflation 
pressure to an individual patient. However, during the first 
operation of the monitoring system with a patient, the system 
must rely upon the selected initial inflation pressure. There 
fore, it is desirable to provide a system that inflates the blood 
pressure cuff only slightly above the systolic pressure during 
the initial operation to enhance the performance of the NIBP 
monitoring system. 

SUMMARY OF THE INVENTION 

The following describes a method and system for monitor 
ing the blood pressure in a patient that utilizes the output of a 
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2 
pulse monitor, Such as the SpO plethysmograph waveform 
from an SpO monitor, to improve the performance of a 
non-invasive blood pressure (NIBP) monitor. The NIBP 
monitor includes a blood pressure cuff that is placed upon the 
limb of a patient, such as the arm or leg. The blood pressure 
cuff is selectively inflated and deflated by a central processor, 
which controls the availability of pressurized air to the cuff 
and the position of valves that release air from the cuff. 
During the deflation of the blood pressure cuff from an initial 
inflation pressure, oscillation pulses are detected and the cen 
tral processor calculates a pulse amplitude for each oscilla 
tion pulse, such that the pulse amplitudes are utilized to 
calculate the blood pressure of a patient. 
The combined system further includes a pulse monitor 

having a pulse sensor that delivers a continuous waveform, 
including a series of spaced pulses each representing a beat of 
the patients heart, to the central processor of the NIBP moni 
tor. In one embodiment, the pulse monitor is a pulse oximeter 
monitor having a finger probe sensor positioned on the finger 
of the patient. The finger probe sensor must be placed upon 
the finger of the patient on the same arm of the patient that 
includes the blood pressure cuff of the NIBP monitor. Alter 
natively, the sensor could be placed on a toe of the patient in 
an embodiment in which the blood pressure cuff is positioned 
around the leg of the patient. In Such an embodiment, the 
sensor of the pulse monitor must still be on the same legas the 
blood pressure cuff while operating within the scope of the 
present disclosure. The pulse oximeter monitor delivers a 
plethysmographic waveform to the central processor of the 
NIBP monitor that includes a series of spaced pulse signals 
each corresponding to a heartbeat of the patient. 

During operation of the NIBP monitor, the central proces 
sor inflates the blood pressure cuff as quickly as possible to a 
pre-determined target inflation pressure. During the initial 
inflation of the blood pressure cuff, the central processor 
monitors and processes the waveform received from the pulse 
monitor. Since the sensor of the pulse monitor is positioned 
on the same arm or legas the blood pressure cuff, as the blood 
pressure cuff approaches the systolic blood pressure for the 
patient, the waveform from the pressure sensor of the pulse 
monitor changes due to the lack of blood flow past the blood 
pressure cuff. 
As the central processor receives the waveform including 

the series of spaced pulses from the pulse monitor, the central 
processor calculates a second derivative of the waveform, 
which corresponds to the acceleration of the waveform. Dur 
ing normal operation, the derived acceleration waveform 
includes peaks corresponding to the spaced pulses due to the 
patient heartbeats. As the blood pressure cuff is inflated to 
occlude the brachial artery of the patient, the second deriva 
tive of the pulse signals decreases. Specifically, the pulsatile 
component of the acceleration waveform begins to flatten out 
due to the blood pressure cuff occluding the artery proximal 
to the pulse sensor. The central processor monitors the pulses 
in the acceleration waveform and terminates the inflation of 
the blood pressure cuff when the pulses of the acceleration 
waveform remain below the threshold value for a predeter 
mined period of time. The pressure at which the blood pres 
sure cuff inflation is terminated is the initial inflation pressure 
for the algorithm used to operate the NIBP monitor. Since the 
initial inflation pressure is based upon an acceleration wave 
form derived from the pulses of the plethysmographic wave 
form, the initial inflation pressure may be above the predicted 
target inflation pressure or below the predicted target inflation 
pressure, depending upon the individual patient. Thus, the 
optimal initial inflation pressure is based upon measurements 
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taken during the inflation of the blood pressure cuff, rather 
than estimates calculated before beginning the blood pressure 
monitoring process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings illustrate the best mode presently contem 
plated of carrying out the invention. In the drawings: 

FIG. 1 is a block diagram of a system for monitoring blood 
pressure in a patient using an NIBP monitor and a pulse 
monitor; 

FIG. 2 is a graph depicting one method of operating an 
NIBP monitor by obtaining two oscillation pulse amplitudes 
at each of a series of pressure steps: 

FIG. 3 illustrates the plethysmographic waveform includ 
ing a series of spaced pulses and the second derivative of the 
waveform, referred to as the acceleration of the plethysmo 
graphic waveform; 

FIG. 4 illustrates the acceleration of the plethysmographic 
waveform as the blood pressure cuff of the NIBP monitor is 
inflated to a target inflation pressure; 

FIG. 5 is a graphical illustration of the acceleration of the 
plethysmographic waveform and the adjusted initial inflation 
pressure of the blood pressure cuff; 

FIG. 6 is a graphical illustration of the acceleration of the 
plethysmographic waveform and the adjusted initial inflation 
pressure of the blood pressure cuff; and 

FIG. 7 is a flowchart illustrating the operational sequence 
utilized by the system and method of the present disclosure to 
determine the blood pressure of a patient using an NIBP 
monitor and a pulse Oximeter monitor. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 generally illustrates a non-invasive blood pressure 
(NIBP) monitoring system 10 of conventional construction. 
The NIBP monitoring system 10 includes a blood pressure 
cuff 12 placed on the arm 14 of a patient 16. The blood 
pressure cuff 12 can be inflated and deflated for occluding the 
brachial artery of the patient 16 when in the fully inflated 
condition. As the blood pressure cuff 12 is deflated using the 
deflate valve 18 having exhaust 20, the arterial occlusion is 
gradually relieved. The deflation of the blood pressure cuff 12 
by the deflate valve 18 is controlled by a central processor 22 
through the control line 24. 
A pressure transducer 26 is coupled by duct 28 to the blood 

pressure cuff 12 for sensing the pressure within the cuff 12. In 
accordance with conventional oscillometric techniques, the 
pressure transducer 26 is used to sense pressure oscillations in 
the cuff 12 that are generated by pressure changes in the 
brachial artery under the cuff. The electrical oscillation pulses 
from the pressure transducer 26 are obtained by the central 
processor 22, using an analog-to digital converter, through 
connection line 30. 
A source of pressurized air32. Such as an air compressor or 

compressed gas cylinder, is connected by duct 34. In an 
embodiment incorporating an air compressor, the air com 
pressor is coupled directly to the duct 38. However, if the 
Source of pressurized air is Supplied by a compressed gas 
cylinder, an inflate valve 36 is positioned between the source 
32 and the duct 38. The operation of the inflate valve 36 is 
controlled by the central processor 22 through the control line 
24. Thus, the inflation and deflation of the blood pressure cuff 
12 is controlled by the central processor 22 through the deflate 
valve 18 and the inflate valve 36, respectively. 

From the standpoint of the principles of the present inven 
tion, the processing of the oscillation signals from first pres 
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4 
sure transducer 26 by the central processor 22 to produce 
blood pressure data, and optionally to reject artifact data, can 
be conducted in accordance with commonly available prior 
art teachings. In any event, it is desirable to use any of the 
known techniques to determine the quality of the oscillation 
complexes received at each cuff pressure so that the blood 
pressure determination is made using the physiological rel 
evant cuff pressure oscillations from each heartbeat and not 
artifacts. 

During normal operation of the NIBP monitoring system 
10 shown in FIG. 1, the blood pressure cuff 12 is initially 
placed on the patient 16, typically around the Subjects upper 
arm 14 over the brachial artery. At the inception of the mea 
Suring cycle, the blood pressure cuff 12 is inflated to a target 
inflation pressure that fully occludes the brachial artery, i.e., 
prevents blood from flowing through the brachial artery at any 
time in the heart cycle. In FIG. 2, the target inflation pressure 
is illustrated by reference number 40. 

After the blood pressure cuff has been inflated to the target 
inflation pressure 40, the deflate valve is actuated by the 
central processor to deflate the cuff in a series of pressure 
steps 42. Although various values for each pressure step 42 
can be utilized, in an exemplary example, each pressure step 
42 is typically about 8 mmHg per step. Alternatively, the 
blood pressure cuff 12 can be continuously deflated from the 
initial inflation pressure without the use of the discrete steps 
42. 

After each pressure step 42, the NIBP monitoring system 
detects and records the amplitude 44 of two cuff oscillation 
pulses for the current cuff pressure level. The pressure trans 
ducer measures the internal cuff pressure and provides an 
analog signal characterizing the blood pressure oscillatory 
complexes. The peak values of the complex signals are deter 
mined within the central processor. 
As the cuff pressure decreases from the initial inflation 

pressure, the NIBP monitoring system detects the cuff pres 
Sure oscillations 44 and records the pressure oscillation 
amplitudes for the current cuff pressure. The central proces 
sor within the NIBP monitoring system can then calculate the 
MAP 46, systolic pressure 48 and diastolic pressure 50. 
As the measurement cycles progress, the peakamplitude of 

the oscillation pulses generally become monotonically larger 
to a maximum and then become monotonically smaller as the 
cuff pressure continues toward full deflation, as illustrated by 
the bell-shaped graph 45 in FIG. 2. The peak amplitude of the 
cuff pressure oscillation complexes, and the corresponding 
occluding-cuff pressure values, are retained in the central 
processor memory. The oscillometric measurements are used 
by the central processor to calculate the mean arterial pressure 
(MAP) 46, the systolic pressure 48 and the diastolic pressure 
50 in a known manner. The calculated blood pressure mea 
surements are viewable on the display 70 shown in FIG. 1. 

Referring back to FIG. 1, the system of the present inven 
tion further includes a pulse monitor 52 for detecting pulse 
signals from the patient indicative of the patients heartbeat. 
In the embodiment of the invention illustrated in FIG. 1, the 
pulse monitor 52 is a pulse oximeter monitoring system 54 
having a sensor that detects a plethysmographic signal from 
the patient, such as a finger probe 56 positioned on the patient 
16 to determine the SPO level of the patient 16. 

Although the system in FIG. 1 illustrates the blood pressure 
cuff 12 positioned on the arm 14 of the patient and the finger 
probe 56 positioned distal from the pressure cuff 12, it should 
be understood that in an alternate embodiment, the pulse 
Oximeter monitoring system 54 could be positioned at any 
location associated with the same arterial branch as the cuff 
and distal to the blood pressure cuff 12. 
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The pulse oximeter monitoring system 54 generates an 
SpO plethysmographic signal that is provided to the central 
processor 22 of the NIBP monitoring system 10 through a 
communication line 58. In addition to providing the SpO. 
level for the patient, the pulse oximeter monitor 54 provides a 
plethysmographic waveform 60 (FIG.3) that includes a series 
of pulses 62 that each result from a beat of the patient’s heart. 
Since the finger probe 56 is attached to the patient 16 at all 
times, the pulse oximeter monitor 54 continuously monitors 
the patient and generates the continuous plethysmographic 
waveform 60 having the series of time-spaced pulses 62. 

Although a pulse oximeter monitor 54 is shown and 
described in the embodiment of FIG. 1, it should be under 
stood that other types of pulse monitoring systems and sen 
sors can be utilized while operating within the scope of the 
present disclosure. As an example, an impedance plethysmo 
graph monitor can be placed on the finger or wrist, a piezo 
electric sensor could be utilized on the wrist of the patient or 
any other means of sensing the blood Volume pulse within the 
patient and distal to the blood pressure cuff can be utilized 
while operating within the scope of the present disclosure. 

Referring back to FIG.3, the plethysmograph waveform 60 
includes a series of pulses 62 that each represent a beat of the 
patient’s heart. In the graph of FIG. 3, the waveform 60 is 
illustrated as the blood pressure cuff on the patient is inflated 
to ultimately occlude the brachial artery. The occlusion of the 
brachial artery occurs following the final pulse 63 of FIG. 3. 
After the final pulse 63, the waveform 60 falls dramatically 
and no additional pulses 62 are detected. No additional pulses 
are detected since the brachial artery has been fully occluded 
and no additional blood flow reaches the finger probe sensor 
of the pulse monitor. 

FIG. 3 further illustrates an acceleration waveform 65 
which is a second derivative of the plethysmograph waveform 
60. The acceleration waveform 65 includes a series of accel 
eration peaks 66 that each correspond to the rapidly rising 
portion of the plethysmograph waveform 60 that occurs at the 
beginning of each of the pulses 62. The individual peaks 66 of 
the acceleration waveform 65 occur at the same frequency as 
the patient’s heart rate, as clearly illustrated in FIG. 3. 
When the blood pressure cuff begins to occlude the bra 

chial artery, the pulses 62 begin to disappear following the 
final pulse 63. Since the pulses 62 disappear after the com 
plete occlusion of the brachial artery, the acceleration wave 
form flattens out after the final acceleration peak 68. The 
flattened portion of the acceleration signal 65 is shown by 
reference numeral 72. The flattened portion 72 indicates that 
the brachial artery has been fully occluded by the blood 
pressure cuff, indicating that the NIBP monitoring system has 
inflated the blood pressure cuff above the systolic pressure for 
the patient and that no further inflation is needed. 

The acceleration waveform 65 shown in FIG. 3 is a second 
derivative of the plethysmograph waveform 60 and is not 
Subject to the low frequency variation present in the plethys 
mograph waveform 60. By utilizing the acceleration wave 
form 65 rather than the plethysmograph waveform 60, a more 
reliable determination of when the brachial artery is fully 
occluded can be determined. The acceleration waveform 65 
identifies the beginning of the heart pulse with greater accu 
racy than can be made using the plethysmograph waveform 
60. Additionally, the detection of the pulse occurs sooner in 
time in the acceleration waveform 65 relative to the cuff 
oscillation pulses, thereby making the process of identifica 
tion of the proper initial target pressure occur Sooner and in a 
more deterministic manner. 

In the embodiment of the disclosure shown in FIG. 1, the 
central processor 22 of the NIBP monitoring system 10 
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6 
receives the plethysmograph waveform from the pulse 
Oximeter monitoring system 54 and calculates the second 
derivative of the plethysmograph waveform to create the 
acceleration waveform 65. However, it is contemplated that 
the pulse oximeter monitoring system 54 could also perform 
the second derivative calculation and provide the acceleration 
waveform directly to the central processor 22. 

Prior to beginning operation of the NIBP monitoring sys 
tem to determine the patient blood pressure, the pulse sensor 
within the finger probe detects a series of individual pulses 62 
that each result from a beat of the patient’s heart. The con 
tinuous plethysmograph waveform 60 from the finger probe 
is obtained by the SpO monitor 54 and relayed to the central 
processor 22 of the NIBP monitoring system 10, as illustrated 
in FIG.1. As discussed above, the central processor 22 of the 
NIBP monitoring system 10 can then calculate the accelera 
tion waveform 65 in the manner previously described. 
When the NIBP monitoring system begins operation, the 

blood pressure cuff 12 positioned on the arm of the patient is 
rapidly inflated from a very low pressure to a target inflation 
pressure 74, as indicated by the steeply sloped portion 76 of 
the cuff pressure profile 78 of FIG. 4. Since the blood pressure 
cuff and the finger probe are positioned on the same arm or leg 
of the patient, as the cuff pressure increases near and above 
the systolic pressure for the patient, as shown by pressure 
level 79, the acceleration peaks 66 of the acceleration wave 
form 65 disappear following the final peak 68. Once the cuff 
pressure exceeds the systolic pressure for the patient, the 
blood flow through the brachial artery past the blood pressure 
cuff is terminated such that the acceleration peaks 66 are no 
longer present in the acceleration waveform 65, as illustrated 
by the flat portion 72 of the acceleration waveform 65. 
Once the cuff pressure 78 decreases below the systolic 

blood pressure 79 through the series of pressure steps 42 to 
allow blood to flow past the blood pressure cuff, the flat 
portion 72 terminates and acceleration peaks 66 return until 
the complete blood flow returns and the full size acceleration 
peaks 66 are again present within the acceleration waveform 
65. As can be understood in FIG.4, the pressure at which the 
acceleration peaks 66 disappear is an indication that the blood 
pressure cuff has been inflated to a pressure sufficient to 
restrict the flow of blood past the blood pressure cuff, as 
detected by the sensor within the finger probe 56. Thus, once 
the acceleration peaks 66 have been eliminated, inflation of 
the blood pressure cuff can be terminated, since the cuff 
pressure is above the systolic pressure for the patient. As can 
be understood in FIG. 1, the finger probe 56 must be placed at 
the same arm or leg of the patient as the blood pressure cuff 12 
to identify the initial inflation pressure for the patient upon 
inflation of the blood pressure cuff 12. 

Referring now to FIG. 5, there shown is a first operational 
example utilizing the method and system of the present dis 
closure. The dashed line shown in FIG. 5 represents an esti 
mated cuff inflation curve 80 predicted by the central proces 
sor of the NIBP monitoring system. The predicted curve 80 
included a target inflation pressure 82 that is predetermined 
by the central processor based upon a typical patient before 
beginning the blood pressure determination procedure. The 
selection of the target inflation pressure 82 is oftentimes 
difficult for the NIBP monitoring system during the first 
iteration of determining the patient’s blood pressure since the 
NIBP monitoring system does not have any previous blood 
pressure measurement values for the specific patient upon 
which to base an estimation for the target inflation pressure 
82. Further, since the NIBP monitoring system may be moved 
from patient to patient within a hospital or critical care envi 
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ronment, the selection of the target inflation pressure is typi 
cally a standard value and is not patient-dependent. 

FIG. 5 illustrates a situation in which the predicted target 
inflation pressure 82 is too low for the individual patient. As 
illustrated, as the cuff pressure 78 increases during the sloped 
initial inflation portion 76, the acceleration peaks 66 of the 
acceleration waveform 65 remain generally constant, even as 
the cuff pressure 78 reaches the predicted inflation termina 
tion point 84, at which time the cuff inflation would have 
ceased to inflate the cuff to the target inflation pressure 82. 
Since the acceleration peaks 66 are still present when the cuff 
pressure reaches the target inflation pressure 82, the cuff 
pressure has not yet reached the systolic pressure for the 
patient. Since the systolic pressure has not been reached by 
the target inflation pressure 82, the central processor operat 
ing in accordance with the present disclosure continues to 
inflate the blood pressure cuff until the central processor 
detects the disappearance of acceleration peaks following the 
last peak 68. 
Once the acceleration peaks 66 are no longer present, the 

inflation of the blood pressure cuff is terminated at point 86 
and the cuff reaches an initial inflation pressure 88. In the 
example illustrated in FIG. 5, the initial inflation pressure 88 
is well above the predicted target inflation pressure 82. If the 
NIBP monitoring system were operated utilizing only the 
target inflation pressure 82, the inflation pressure of the blood 
pressure cuff would have been insufficient and the blood 
pressure cuff would have needed to be re-inflated to a higher 
pressure target pressure to obtain an accurate blood pressure 
reading. However, by utilizing the plethysmograph accelera 
tion waveform 65, the NIBP monitoring system automati 
cally increased the initial inflation pressure of the blood pres 
sure cuff until the central processor detected the 
disappearance of the acceleration peaks. After reaching the 
initial inflation pressure 88, the cuff pressure is decreased in 
the series of pressure steps 42 and the blood pressure is 
determined utilizing oscillation pulse amplitudes in the 
known manner described previously. 

Referring now to FIG. 6, there shown is an example of the 
operation of the combined NIBP monitoring system when the 
predicted target inflation pressure 82 is too high for the indi 
vidual patient. In the embodiment illustrated in FIG. 6, the 
predicted cuff inflation profile 80 is again shown in dashed 
lines. Like the embodiment illustrated in FIG. 5, the central 
processor of the NIBP monitoring system initially predicts 
the target inflation pressure 82. However, as the cuff pressure 
78 increases during the sloped portion 76 and reaches point 
90, the acceleration peaks 66 disappear at a cuff pressure well 
below the target inflation pressure 82, as shown following the 
last acceleration peak 68. When the central processor 22 
detects the disappearance of the peaks following the last peak 
68 before the cuff pressure reaches the predicted target infla 
tion pressure 82, the central processor terminates the inflation 
of the blood pressure cuff at point 92 to define the initial 
inflation pressure 88. 

In the example illustrated in FIG. 6, the initial inflation 
pressure 88 is well below the target inflation pressure 82. If 
the NIBP monitoring system utilized the predicted target 
inflation pressure 82, the blood pressure cuff would be over 
inflated, leading to patient discomfort and increased time 
required to obtain a blood pressure measurement. As dis 
cussed previously, once the blood pressure cuff reaches the 
initial inflation pressure 88, the cuff pressure is reduced in the 
series of pressure steps 42 and the oscillation pulse ampli 
tudes are utilized to calculate a blood pressure estimate for the 
patient in accordance with known methods. 
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8 
As discussed above in the two examples shown in FIGS. 5 

and 6, the central processor 22 of the NIBP monitoring sys 
tem 10 terminates the inflation of the blood pressure cuff upon 
detection of the disappearance of the acceleration peaks 68. 
The determination of when the acceleration peaks have dis 
appeared to indicate that the blood pressure cuff has been 
properly inflated can be based upon various properties of the 
individual acceleration peaks 66. As an example, the inflation 
of the blood pressure cuff could be terminated when the 
acceleration peaks fall below either a predetermined thresh 
old value or fall a selected percentage below a standard accel 
eration peak. This determination can be made within the 
central processor 22 of the NIBP monitoring system 10 
shown in FIG. 1. 

Alternatively, the comparison could also be based upon a 
rate of change between the current acceleration peak and the 
previous acceleration peak. When the rate of change exceeds 
a selected value, the central processor 22 determines that the 
inflation of the blood pressure cuff is sufficient and should be 
terminated. As indicated previously, the use of the accelera 
tion waveform 65 as compared to the plethysmograph wave 
form 60 shown in FIG.3 allows the NIBP monitoring system 
10 to more accurately monitor pulse timing and position and 
to eliminate low frequency noise from the finger probe in the 
determination of when to terminate inflation of the blood 
pressure cuff. 

FIG. 7 illustrates a flowchart of the operational sequence of 
the NIBP monitoring system in accordance with the one 
embodiment of the present disclosure. As illustrated in FIG. 
7, the NIBP monitoring system continuously receives a 
plethysmographic waveform from the pulse monitor, as illus 
trated in step 94. The central processor of the NIBP monitor 
ing system receives the continuous waveform and calculates 
the second derivative of the plethysmograph waveform, as 
indicated in step 96. As described previously, the second 
derivative of the plethysmograph waveform 60 shown in FIG. 
3 includes a series of acceleration peaks 66. 

After the acceleration waveform 65 has been calculated, 
the central processor begins the normal NIBP monitoring 
cycle in step 98 by inflating the blood pressure cuff in step 
100. As shown in FIG. 4, the blood pressure cuff is initially 
inflated along the steeply sloped portion 76 from a nearly zero 
pressure level to a target inflation pressure 74. As the blood 
pressure cuff is inflated, the central processor receives the 
continuous plethysmographic waveform from the SpO. 
monitor. As the blood pressure cuff is inflated, the central 
processor receives the plethysmograph waveform 60 and cal 
culates the second derivative (acceleration waveform) in step 
102. 

After calculating the second derivative of the plethysmo 
graph waveform, the central processor determines in step 104 
whether the acceleration waveform 65 includes the accelera 
tion peaks 66. Specifically, the central processor determines 
whether an acceleration peak 66 is detected within a prede 
termined time period. As one example, the time period could 
be the heart rate of the patient. If no acceleration peak is 
detected, then the system concludes that the blood pressure 
cuff has been fully inflated above the systolic pressure and 
that no further inflation is required. If no acceleration peak is 
detected, the system proceeds to step 108 and terminates the 
cuff inflation to define the initial inflation pressure. 
As illustrated in FIGS. 5 and 6, when the central processor 

determines that the inflation of the blood pressure cuff is no 
longer required, the initial inflation pressure 88 may be above 
or below the target inflation pressure 82 selected by the cen 
tral processor. The use of the acceleration waveform 65 to set 
the initial inflation pressure 88 allows the NIBP monitoring 
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system to set the initial inflation pressure based upon infor 
mation gathered during the inflation of the blood pressure 
cuff, rather than an estimate calculated prior to the initiation 
of the NIBP monitoring cycle. Once the cuff pressure has 
been set at the initial inflation pressure, the central processor 
operates in accordance with a known NIBP monitoring algo 
rithm to detect oscillation pulse amplitudes and calculate the 
blood pressure of the patient. 

This written description uses examples to disclose the 
invention, including the best mode, and also to enable any 
person skilled in the art to make and use the invention. The 
patentable scope of the invention is defined by the claims, and 
may include other examples that occur to those skilled in the 
art. Such other examples are intended to be within the scope 
of the claims if they have structural elements that do not differ 
from the literal language of the claims, or if they include 
equivalent structural elements with insubstantial differences 
from the literal languages of the claims. 

We claim: 
1. A method of monitoring blood pressure in a patient, the 

method comprising the steps of 
providing a pulse monitor having a sensor operable to 

detect pulse signals due to the patient’s heartbeat; 
positioning a blood pressure cuff on the patient; 
positioning the sensor on the patient distal to the blood 

pressure cuff to detect pulse signals from the patient; 
inflating the blood pressure cuff; 
calculating, using a central processor, a second derivative 

of the pulse signals during inflation of the blood pressure 
cuff, the second derivative including a series of accel 
eration pulse peaks; 

reducing low frequency variations in the pulse signals 
based on the calculated second derivative of the pulse 
signals; and 

terminating the inflation of the blood pressure cuff based 
upon the acceleration pulse peaks in the calculated sec 
ond derivative of the pulse signals; and 

defining an initial target pressure after terminating the 
inflation of the blood pressure cuff. 

2. The method of claim 1 wherein the pulse monitor sensor 
is positioned on a finger of the patient. 

3. The method of claim 2 wherein the pulse monitor is an 
SpO monitor and the sensor is an SpO sensor positioned on 
the finger of the patient. 

4. The method of claim 1 wherein the inflation of the blood 
pressure cuff is terminated upon the absence of the accelera 
tion pulse peaks. 

5. The method of claim 1 wherein the inflation of the blood 
pressure cuff is terminated based upon the attenuation of the 
acceleration pulse peaks during the inflation of the blood 
pressure cuff. 

6. The method of claim 1 wherein the pulse monitor is an 
SpO monitor and the sensor is an SpO sensor positioned on 
a finger of the patient. 

7. The method of claim 1 wherein the blood pressure cuff 
and the sensor of the pulse monitor are positioned along the 
same arterial branch of the patient. 

8. A method of operating a non-invasive blood pressure 
(NIBP) monitor having a central processor, a blood pressure 
cuff positionable on an arm of the patient and a pressure 
transducer operable to detect oscillation pulses beneath the 
blood pressure cuff, the method comprising the steps of 
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10 
providing a pulse monitor having a sensor positioned to 

detect a pulse waveform having a plurality of pulses 
from the patient representative of the patient’s heartbeat; 

positioning a blood pressure cuff on an arm of the patient; 
positioning the sensor of the pulse monitor on the same arm 

of the patient and anatomically distal to the blood pres 
sure cuff 

inflating the blood pressure cuff to begin to occlude an 
artery in the arm of the patient; 

calculating, using the central processor, a second derivative 
of the pulse waveform during inflation of the blood 
pressure cuff, the second derivative including a series of 
acceleration pulse peaks; 

reducing low frequency variations in the pulse waveform 
based on the calculated second derivative of the pulse 
waveform; and 

terminating the inflation of the blood pressure cuff based 
upon the acceleration pulse peaks in the calculated sec 
ond derivative of the pulse waveform; and 

defining an initial target pressure after terminating the 
inflation of the blood pressure cuff; 

decreasing the pressure in the blood pressure cuff from the 
initial inflation pressure while monitoring for oscillation 
pulses from the pressure transducer; and 

calculating the systolic pressure, mean arterial pressure 
and diastolic pressure for the patient based upon the cuff 
oscillation pulses detected during the deflation of the 
blood pressure cuff. 

9. The method of claim 8 wherein the central processor of 
the NIBP monitoris in communication with the pulse monitor 
Such that the central processor calculates the second deriva 
tive based on the pulse waveform from the pulse monitor. 

10. The method of claim 8 wherein the pulse monitor is an 
SpO monitor and the sensor is an SpO finger probe. 

11. The method of claim 8 wherein the central processor 
defines a target inflation pressure for the patient, the method 
further comprising the steps of 

inflating the blood pressure cuff to the target inflation pres 
Sure; 

reducing the target inflation pressure upon the absence of 
the acceleration peaks prior to inflation of the blood 
pressure cuff to the target inflation pressure; and 

increasing the target inflation pressure upon the presence 
of the acceleration peaks when the blood pressure cuff is 
inflated to the target inflation pressure. 

12. The method of claim 8 wherein the sensor of the pulse 
monitor and the blood pressure cuff are positioned along the 
same arterial branch of the patient. 

13. The method of claim 8 wherein the inflation of the 
blood pressure cuff is terminated upon the absence of the 
acceleration pulse peaks. 

14. The method of claim 8 wherein the inflation of the 
blood pressure cuff is terminated based upon the attenuation 
of the acceleration pulse peaks. 

15. A system for determining the blood pressure of a 
patient, comprising: 

a non-invasive blood pressure (NIBP) monitor including a 
central processor and a display; 

a blood pressure cuffpositionable on the patient, the blood 
pressure cuff being selectively inflatable and deflatable 
by the NIBP monitor; 

a pressure transducer operable to measure the pressure 
within the blood pressure cuff and coupled to the central 
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controls the inflation of the blood pressure cuff based upon 
the calculated second derivative. 

16. The system of claim 15 wherein the pulse monitoring 

processor, the pressure transducer being operable to 
detect oscillation pulses from the patient; and 

a pulse monitoring system having a sensor positionable on 
the patient to detect pulse signals from the patient due to system is an SpO. monitor having a finger probe. 

pau s p 9. p 5 17. The system of claim 15 wherein the central processor 
the patient’s heartbeat, controls the inflation of the blood pressure cuff based upon 

the presence and absence of acceleration pulse peaks in the wherein the central processor calculates a second deriva 
calculated second derivative. tive of the pulse signals; 

reduces low frequency variation in the pulse signals; and k . . . . 


